Introduction
Pulmonary overcirculation is a common complication related to an inadequate size of a systemic to pulmonary shunt. It leads to pulmonary oedema, subsequent reduced pulmonary compliance and desaturation. There are several surgical solutions for excessively large shunts, but according to our best knowledge no interventional technique for the reduction of a systemic to pulmonary shunt size has been reported so far.
We present a complex case of percutaneous downsizing of a modified Blalock-Taussig shunt with a multiple stent-in-graft technique in a patient with single ventricle anatomy treated with staged repair.
Case report
The case concerns a 16-year-old female patient with single ventricle, pulmonary atresia and malposed great arteries after the Hemi-Fontan procedure and aortic valve homograft implantation between the right atrium and right pulmonary artery. The homograft was closed interventionally, while the left lung was separated and supplied by a Blalock Taussig shunt at the age of 7 years [1] . Nine years later, this shunt became occluded and the left lung was supplied by collaterals only. The shunt was replaced by an 8 mm Gore-Tex tube graft. After an initial increase in the oxygen saturation from 60% to mid 70%, she developed massive left sided pleural effusions with haemodynamic compromise. It was clear that the left sided shunt was too large. So far the only therapeutic option for patients with pulmonary overcirculation due to an inadequate shunt size has been surgery. However, a seventh surgical intervention was much too risky and undesirable for the patient. The decision was made to place several bare stents into the shunt in order to reduce the internal graft lumen. The procedure was performed under general anaesthesia. An initial angiography confirmed a large 8 mm left shunt (Figure 1 (Figure 2 ). The day after the procedure oxygen saturation rose from 45% to 60% (with no additional oxygen supply) and transthoracic echocardiogram (TTE) showed an increase in the peak gradient across the shunt from 10 to 25 mm Hg. In the next few days the patient's condition improved, with better exercise tolerance and diminished oedemas. The chest X-ray showed a well-aired left lung. She was discharged home after 2 weeks and keeps steadily improving. The 4-month follow-up showed oxygen saturation of approximately 70% and left pulmonary artery pressure of 42/36/40 mm Hg in the last cardiac catheterization.
Discussion
The gold standard for systemic to pulmonary shunt downsizing remains surgery. Several surgical techniques have been described, e.g., shunt replacement, shunt banding and placing a reversible haemostatic clip. Solely single attempts of percutaneous vessel size reduction have been published. The most often described interventional method of vessel downsizing is the application of a silk suture at the midpoint of a covered stent mounted on a balloon [2, 3] . After the balloon inflation such a selfmade narrowing in the stent adapts to the vessel and causes increased resistance to blood flow. Stenting of systemic to pulmonary shunts has already been shown to be a safe and effective therapeutic option for patients with shunt stenosis or failure. Various stents were implanted in the published reports [2, 4, 5] , but only in order to reduce shunt stenosis or occlusion. The main objective of our procedure was to reduce the shunt lumen by placing several stents one over another, thus increasing resistance to blood flow. Additionally, it is expected that neointimal proliferation over bare stents will result in a further reduction of approximately 0.5 to 1 mm of the lumen diameter with time [3, 6] . 
